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$-$
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- Kadomtsev&Petviashvili
[8] $\mathrm{K}\mathrm{d}\mathrm{V}$ Kadomtsev-Petviashvili $(\mathrm{K}\mathrm{P})$
( KP
)





$P_{s}(v)= \frac{1}{2}\int_{-\infty}^{\infty}\mathcal{U}^{2}(\chi;\mathcal{V})sd\chi$ , $(1\mathrm{b})$
$-$ $u=u_{s}(X-Vr;V)$ $v$
$\mathrm{K}\mathrm{P}$ Kataoka et $\mathrm{a}1.[16]$














Kataoka et $\mathrm{a}1.[20]$ $\mathrm{G}\mathrm{Y}$ ( $2\mathrm{d}\mathrm{G}\mathrm{Y}$







2 [17] $2\mathrm{d}\mathrm{G}\mathrm{Y}$ 3
4
2. ( $2\mathrm{d}\mathrm{c}\mathrm{Y}$ )
$h$ $-$ ( $-\infty<X<\infty,$ $-\infty<\mathrm{Y}<\infty,$ $0<Z<h;X-\mathrm{Y}-Z$
) (












$\frac{D}{Dt}=\frac{\partial}{\ell?f}+u\frac{d}{\ }+V \frac{\ell \mathit{9}}{\partial^{\mathit{1}}}+w\frac{p\mathit{9}}{\ }$ , (31)
$(x,y,z)=(x/h,\mathrm{Y}/h,z/h)$ $(u,V,w)$ $(x,y,z)$ $P$ $\eta$





$N(z)^{2}=- \frac{1}{\beta\rho_{0}}\frac{d\rho_{0}}{dz}=1+\beta R(Z)$ , (5)
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$x^{*}=\epsilon(_{X-cf})$ , $y^{*}= \epsilon^{2}\frac{c}{2^{1’ 2}}\mathcal{Y}$ , $t^{*}= \mathcal{E}^{3}\frac{c^{3}}{2}f$ , $\beta=\sigma\epsilon^{2}$ $(\sigma=O(1))$ . (7)
$x$ $y$
$u_{\text{ }}$ $p_{\text{ }}$ $\eta$ $O(1)$ – $V_{\text{ }}w$
(7) (3c) (3a)
$V=\epsilon V^{*}$ , $w=sw^{*}$ . (8)
(7) (8) (3)
$\mathcal{U}_{x}+w_{Z}+\epsilon 2_{\frac{c}{2^{1’ 2}}Vy}=0$, (9a)
$J_{1}(u, \phi)+\frac{p_{x}}{\rho_{0}(z-\eta)}=\mathit{0}_{()}\epsilon^{2}$ , (9b)
$J_{1}(V, \emptyset)+\frac{cp_{y}}{2^{1/2}\rho \mathrm{o}(_{Z}-\eta)}=\mathit{0}_{()}\epsilon^{2}$ , (9c)
$J_{1}(q+ \frac{\overline{u}}{c^{2}},$ $\emptyset)-(\zeta-\overline{\frac{ll}{c}}\mathrm{I}^{+\mathcal{E}^{2}}XF_{1}=O(\epsilon^{4}),$ (9d)




$F1=[ \frac{c^{3}}{2}\frac{\partial u}{\partial t}+J_{2}(\mathcal{U},$ $\int 0Vdz)zl]_{Z}-\sigma r$ , (9i)
$F_{2}= \frac{c^{3}\partial\eta}{2\partial t}+J_{2}(\eta-z,$ $\int_{0}^{z_{Vd}}z’)$ , (9j)
$r=R(_{Z}-\eta)\eta x+(1-\eta z)J(1u,\emptyset)$ , (9k)
$J_{1}(a,b)=\mathit{0}_{\chi}b_{Z}-abzx\text{ }J_{2}(a,b)=(a_{y}b_{Z^{-}}azb)_{C}y/2^{1/2}$ I
(6)
Wam [21] Grimshaw&Yi [19]
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2 $\emptyset$ ( $\phi_{z}\neq 0$ )
$J_{1}(a,\emptyset)=\emptyset_{Z}(\partial a/\ )_{\phi}$ ( (\partial /&)\mbox{\boldmath $\phi$} $\emptyset_{\text{ }}y_{\text{ }}t$ $x$
) (9e) $x-\emptyset$ $\emptyset$
$\eta-\overline{\frac{u}{c}}=\mathcal{E}^{2}(-\int_{\overline{X}}^{\chi}[\frac{F_{2}}{\phi_{z}}]\phi=\mathrm{c}_{\mathrm{o}\mathrm{n}\mathrm{s}}\iota dX+F_{3}’)$ , (10)
$F_{3}=\mathcal{E}^{-2}(\zeta-\overline{\frac{u}{c}})|x=\overline{x}$ (11)
$\int[]_{\phi=\mathrm{c}\mathrm{o}\mathfrak{B}}\mathrm{t}\ l$ $x-\emptyset$ $\emptyset$
$\overline{X}=\overline{x}(\chi,y,\phi,r)$ (x, $y,\phi$) $\emptyset$ $x$
$z=1$ $x$ $\overline{x}=\infty$
$a|_{\Leftarrow\text{ } _{ }}$ $(x,- z)=(\overline{x},1)$ $x=\infty$ $a$
$u,V,w,\zetaarrow \mathrm{O}$ as $\chiarrow\infty$ (12)
$\eta-\overline{u}/c$
$\epsilon^{2}$ (11) $F_{3}$ $O(1)$
(9d) $\emptyset$ (10) $\eta$
$\eta_{zz}+\frac{\eta}{c^{2}}+\mathcal{E}^{2}G[\eta]=o(\epsilon^{4})$, $(13\mathrm{a})$
$G=( \frac{\iota \mathit{9}^{2}}{dz^{2}}+\frac{1}{c^{2}})\int_{\overline{x}}x[\frac{F_{2}}{\emptyset_{z}}]_{\phi \mathrm{c}_{\mathrm{o}\mathrm{n}\mathrm{s}}}=ldX-’\frac{w_{x}}{c}-F_{4}$
$+ \int_{\overline{x}}^{x}[\frac{1}{c\phi_{Z}}\{F+\frac{\partial}{\ovalbox{\tt\small REJECT}}\mathrm{l},$ $\int^{x’}\overline{x}[\frac{F_{2}}{\phi_{z}}]_{\phi \mathrm{t}}=\mathrm{c}\mathrm{o}\mathrm{n}\mathrm{s}dx\hslash\}]\phi=\mathrm{c}\circ \mathrm{o}\mathrm{e}\mathrm{t}dx’$,
$(13\mathrm{b})$
$F_{4}= \int_{\overline{x}}^{x}[\frac{1}{C\emptyset_{z}}\frac{\partial F_{3}}{\ },$ $] \phi=\mathrm{C}\mathrm{o}\mathrm{n}\mathrm{s}\mathrm{t}.d_{X’+}(\frac{\partial^{2}}{\partial z^{2}}+\frac{1}{c^{2}}1^{F\frac{1}{C\mathcal{E}^{2}}}3(+q+\frac{\overline{u}}{c^{2}}\mathrm{I}|_{x=}\overline{X}$ $(13_{\mathrm{C})}$
(6) (12) $\eta-\overline{u}/c$ $O(\epsilon^{2})$ $(9\mathrm{d})_{\text{ }}$
(12) $q+\overline{\mathcal{U}}/c^{2}$ $O(\epsilon^{2})$ ( $13_{\mathrm{C})}$ $F_{4}$ $O(1)$
$\eta$
$\eta=\eta_{0}+\epsilon^{2}\eta 1+O(\mathcal{E}^{4})$ . (14)
(14) (13) (6) $0$
$\eta_{0}=nc\mathrm{A}(x,y,t)W(Z)$ , (15)
$W(z)_{\text{ }}$ $c$ $n(=1,2,\cdots)$
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$W(z)=\sin n\prime \mathrm{z}$ , $c=-\wedge$ , (16)
$n\pi$
(15) $A(x,y,t)$ $(3\mathrm{a})-(3_{\mathrm{C})}\text{ }$ (10) (12)
(15) u $V_{\text{ }}w_{\text{ }}P$ $A$
$u=J\mathfrak{X}^{2}AW+O(Z\epsilon^{2})$ , (17)
$V= \frac{J\mathfrak{X}^{3}}{2^{1/2}}\int_{\overline{x}}^{x}[\frac{W_{z}-\pi 4/c}{1-\pi cAW_{z}}\mathrm{A}_{y}]\phi=\mathrm{c}\mathrm{o}\mathrm{o}\mathrm{e}\mathrm{t}2Ck’+V|\subset\overline{X}^{+\mathit{0}\epsilon})(,$ (18)
$w=-\pi c2A_{\chi}W+O(\epsilon^{2})$ , (19)
$p=p_{0^{+\pi}}c^{3}\rho 0(Z)\mathrm{A}(W_{Z^{-\frac{\pi}{2c}A}})+o(\mathcal{E}^{2})$ . ( $p_{0}$ ) (20)
$\eta_{1}$
$\int_{0}^{1}G[\eta 0]W(Z)dZ=0$ , (21)
$\mathrm{A}(x,y,t)$
(21) $A(x,y,t)$ \mbox{\boldmath $\zeta$}
$\zeta=z-\hslash C\mathrm{A}(\chi,y,t)W(z)$ . (22)








(13b) (21) (9i) $(9\mathrm{j})_{\text{ }}(15)-(19)$
$\int_{\infty}^{X}K(A,A’)\frac{\partial A’}{\partial t}d_{X}’+f(A)+A_{x\mathfrak{r}}$
(24a)
$+ \int_{\infty}^{x}\int_{\infty}^{x}(\prime nI_{1}A_{yy}+I_{2}A_{y}^{\prime\prime 2}+I_{3}A_{yy}’A^{\prime\}}knd_{X’}=0$ ,
$f(A)$ $A$
$f(A)=2 \pi\sigma\{\frac{1}{\pi^{2}c^{3}}\int^{1}0AW\frac{\ }{\partial A}R( \zeta)d\zeta+\frac{A^{\angle}}{6}[1-(-1)^{n}]\}$ , (24b)
$R(z)_{\text{ }}$ $n$
K $I_{1^{\text{ }}}I_{2^{\text{ }}}$ I3
$K(A,A’)= \frac{1}{\pi^{2}c^{2}}\int_{0}^{1}\lfloor\frac{\ }{\partial A} \frac{\partial z’}{\partial A’}(1+\frac{\ ’}{\partial\zeta}1-(Z-z’) \frac{\partial_{Z}\partial^{2}z’}{\partial A\partial\xi\partial A’}]d\zeta$, $(24_{\mathrm{C})}$
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$I_{1}=I_{1}(A,A’,An)= \frac{1}{\pi^{2}}\int_{0}1(\frac{\ }{\partial\zeta})^{-}2 \frac{\partial^{2}z\ \prime}{\partial\xi\partial A\partial\zeta}(\frac{\ ^{n}}{\partial\zeta}1-2 \frac{\partial^{2}z^{f}}{\partial\zeta\partial A^{n}}d\zeta$,
$I_{2}=I_{2}(A,A’,A^{\pi})$




$\frac{1}{\pi^{2}}\int_{0}^{1}\frac{\partial^{2}z}{\partial\xi\partial A}[(\frac{\ }{\partial\zeta}1^{-}2(+ \frac{\ ’}{\partial\zeta}\mathrm{I}-21\frac{\partial^{2}z’}{\partial\xi\partial A’}(\frac{\ ^{t}}{\partial\zeta})-2 \frac{\partial^{2}z^{f}}{\partial\xi\partial A^{n}}d\zeta,$
(24f)
$R(z)$ $n$





$c?\zeta dA$ $(1-\pi cAW)^{3}Z$
’ (24i)






$I_{1^{\text{ }}}$ $I_{2^{\text{ }}}I_{3}$
$\int_{\infty}^{x}K(A,A’)\frac{\partial A’}{\partial x’}d_{X}’=A$ , (25a)
$\int_{\infty}^{x}\int_{\infty[\frac{\partial A’\partial \mathrm{A}^{n}}{\partial x\partial x^{n}}}^{x’}I_{1}\frac{\partial^{2}A^{n}}{\mathrm{a}^{\kappa 2}}+I(2\frac{\partial A’}{\mathrm{a}^{\hslash}})2+I_{3\prime]\frac{\mathrm{A}}{2}}dxndx=’$ . (25b)
A=A( $+ly-\omega t$) $2\mathrm{d}\mathrm{G}\mathrm{Y}$ (24a)
$\mathrm{K}\mathrm{d}\mathrm{V}$
$- \frac{a)}{k}+\frac{l^{2}}{2k^{2}}1^{A}+f(A)+A_{\mathrm{x}\mathrm{r}}=0$ , (26)
$f(A)$ $y$
$f(A)=3\sigma A^{2}$
$A=$ asech 2 $(h+ly-\omega t)$ , (27a)
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$\frac{\omega}{2k}-\frac{l^{\angle}}{4k^{2}}=\varpi=2k^{2}$
$Aarrow \mathrm{O}$ $K_{\text{ }}I_{1^{\text{ }}}I_{2^{\text{ }}}I_{3}$
(27b)
$K(A,A’)=1- \frac{\pi^{2}}{4}(3A^{2}-8AA’+3A^{\prime 2})+\cdots$ , (28a)
$(A,A’, \mathrm{A}’)=\frac{1}{2}-\frac{\pi^{2}}{16}(9A2+4AA’-24AA"-4A^{\prime 2}+4A\prime A\hslash 9A^{n2})++\cdots$, (28b)
$I_{2}(A,A’,A \Pi)=\frac{\pi}{8}(12A-2A’-9A")+\cdots$ , (28c)
$I_{3}(A,A’,A^{n})=-^{\nu}’(A4+A’-2A\prime\prime)+\cdots$ , (28d)
(28) (24a) $O(A^{2})$ $\mathrm{K}\mathrm{P}$
$A_{t}+ \alpha_{1}A_{x}+2\alpha_{2}AA_{x}+A_{\varpi}+\frac{1}{2}\int_{\infty}^{x}A_{yy}\prime dX^{l}=0$ , (29)







$\text{ }$ (3.2 )
(3.3 )
3.1.
GY $\chi$ $-$ $v$ $-$
$A=ll_{s}(\chi-v’;v)$ (y)





$\partial v/\phi_{\text{ }}$ $\partial v/\partial r\backslash \int_{0}^{t}\partial_{\mathcal{V}}/\partial ydr’$
177
(30a) (24a) $0$ $u_{s}$
$\frac{\partial^{2}u_{S}}{\partial\xi^{2}}+f(u)S-vu_{s}=0$ , (31)
(31) $\xiarrow\pm\infty$ $u_{s}arrow 0$
[17] (25) [12] $(\mathrm{C}. 1)_{\text{ }}$ (C.2)
$u_{n}(n=1,2,\cdots)$
$\mathrm{L}u_{n}=H_{n}(u_{0’\iota-}u,\cdots \mathcal{U}_{n}1)$ , (32a)
$\mathrm{L}$
$\mathrm{L}=\frac{\partial^{2}}{\partial\xi^{2}}+f’(u_{0})-v$ $(f’(u)= \frac{df}{du})$ , (32b)









, .. . $-,-$ .
$H_{1}=- \frac{o\nu}{\partial t}\int_{\infty}^{\xi}K(\mathcal{U}_{S},u’s)\frac{ou_{s}}{\partial\nu}d\xi’+\int_{0}^{t}\frac{o^{-}v}{\Phi^{2}}df’\int_{\infty}^{\xi}I1\iota(u_{S},u_{s}’)u_{s}d’\xi’$ , (33a)
$H_{2}=- \int_{\infty}^{\xi}K(u\mathcal{U})s’ S\frac{\partial u_{1}’}{\partial t}\prime d\xi’-\frac{\partial^{2}v}{\Phi^{2}}\int^{\xi\xi’}\infty\int_{\infty}I_{1}(_{\mathcal{U},u_{\acute{S}},u_{s}}S)n\frac{\partial u_{S}^{\hslash}}{\partial v}d\xi^{n}d\xi’$. (33b)
$I_{11}(A,A’)= \frac{c_{n}}{\pi}\int_{0}^{1}(\frac{\ }{\partial\zeta})-L \frac{\partial^{2}z\partial z’dW’}{\partial\xi\partial A\partial\sigma dz}\prime d\zeta$, $(33_{\mathrm{C})}$
$u_{s}’=u_{s}(\xi’;v)_{\text{ }}u_{\iota 1}’=\mathcal{U}(\xi’,y,t)\text{ }W’=W(z’)$
(32a) $\xiarrow\pm\infty$
$\int_{-\infty}^{\infty}\frac{U\mathcal{U}_{S}}{\partial\xi}(\xi;\mathcal{V})H_{n}(us’ 1n-\mathcal{U},\cdots,\mathcal{U}1)d\xi=0$ . (34)
$v(\mathcal{Y}^{f},)$
$n=1$ (33a) (341 $K(A,A’)=K(A’,A)$ $\int_{\infty}^{\xi}K(A,A’)(\partial A’/\partial\xi’)d\xi’=A$
$\frac{dP_{S}\partial\nu}{dv\partial t}-P_{s}\int^{t}0\frac{\partial^{2}v}{\phi^{2}}df’=0$ , (35)





















$u_{1ev}$ $u_{1od}$ $n=1$ (32a)
$u_{1ev}$
$\mathrm{L}u_{1ev}=\frac{\partial v}{\partial t}\int_{0}^{\infty}K(\mathcal{U}_{S} ,u_{S}’)\frac{\partial u_{s}’}{\partial v}d\xi’-\int^{t}0\frac{\partial^{2}v}{\phi^{2}}dt’\int_{0}\infty I_{1}1(u_{s},u_{s}’)\mathcal{U}_{s}^{l}d\xi’$ . (40)
(38) $u_{1}$ $- \int_{-\infty}^{\infty}\frac{\partial u_{s}}{\partial\xi}d\xi\int_{\infty}^{\xi}K(u_{S},\mathcal{U}_{s}’)\frac{\partial u_{1}’}{\partial t}d\xi$ ’
$= \int_{-\infty}^{\infty}\mathcal{U}_{S}\frac{\partial u_{1ev}}{\partial t}d\xi$ $v(\mathcal{Y},t)$ (31) $v$
$\mathrm{L}\frac{p\partial u_{s}}{\partial},=u_{s}$ , (41)
(40) $\partial u_{0^{/\partial v}}$ $\xi$ (41)
$\int_{-\infty}^{\infty}u_{s}\mathcal{U}_{1\mathcal{V}}d\xi=e\frac{1}{2}(KS-\frac{I_{s}}{P_{s}}\frac{dP_{S}}{dv})\frac{\partial\nu}{\partial t}$ , (42)
$P^{\infty}\mathrm{r}\infty$
–. .. $\partial u_{-}\partial_{\mathcal{U}_{-}’}$
$K_{s}(v)= \int_{-\infty}^{\infty}\int_{-\infty}^{\infty}K(\mathcal{U}u_{s}’)s’\frac{ou_{s}}{\partial v}\frac{ou_{S}}{\partial v}d\xi’d\xi$ , (43a)
$I_{s}(v)= \int_{-\infty}^{\infty}\int_{-\infty}^{\infty}I_{\iota}1(u_{s},\mathcal{U}_{S}’)\frac{\partial u_{s}}{\partial v}\mathcal{U}’Sd\xi’d\xi$, (43b)
(42) (38) $v(\mathcal{Y}^{t},)$
$\frac{dP_{s}\partial v}{dv\partial t}-P_{s}\int_{0}^{t}\frac{\partial^{2}v}{\Phi^{2}}df-Q_{s}’\frac{\partial^{2}v}{\Phi^{2}}=0$ , (44)
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$v(\mathcal{Y}^{t},)$ – $\mathcal{V}_{\text{ } }$
$v=v_{s}+v_{\iota}\exp(\lambda t+i_{\mathcal{E}y}^{\sim})$ , (46)
$v_{s^{\text{ }}}\lambda$
$\epsilon\sim$ (46)















$R(z)=\gamma_{1}Z+\gamma 2z^{2}$ , , (49)
$(24\mathrm{c})-(24\mathrm{t})$ $2\mathrm{d}\mathrm{G}\mathrm{Y}$ $K_{\text{ }}I_{1^{\text{ }}}$
$I_{2^{\text{ }}}I_{3}$
(24b) $f(A)$ – $R(z)$
(49) $R(z)$ $f(A)$
$f(A)=f2+A^{2}f3\mathrm{A}^{3}$ (50a)
$f_{2}= \frac{\pi}{3}\sigma \mathrm{K}1-4m\int 1-(-11)^{n}]+8(-1)n\}m_{2}$ , (50b)
$3\pi^{2}$
$f_{3}=\sigma m_{2}\overline{4}$ , (50c)
(50a) $A$ $c$
(50a) $f(A)$ $f_{\text{ }}x_{\text{ }}y$
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$f(A)=A\angle+frA^{3}$ , (51a)
$f_{r}= \frac{f_{3}}{f_{2}}$ , (51b)
$2\mathrm{d}\mathrm{G}\mathrm{Y}$ (24a) (31)
$\frac{\mathrm{A}_{s}(2+3f,A_{\text{ }}/2)}{(1+3f_{r}A_{S}/2)\cosh(v^{1’ 2}\xi)+1}$ . (52a)
A $v$ $A_{s}$
$v=A_{s}( \frac{2}{3}+\frac{f_{r}}{2}A_{S})$ , (52b)
$f_{r}>0$ $A_{s}<-4/(3f_{r})$ $A_{s}>0$
$f,$. $<0$ $0<A_{S}<-2/(3f_{r})$ (la)
$-$









$f(A)= \frac{p+2}{2}Ap+1$ , (53)
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3 (54a) : :
$P$
$A^{p+1}$





$A_{\text{ }}>0$ (la) $A_{s}$
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